FrC6 murine leukemia virus (MuLV) is a replication-competent, neuropathogenic variant derived from Friend MuLV (FMuLV) complex. The A8 virus (a molecular clone of the FrC6 virus) induced marked spongiform degeneration in the brain similar to the FrC6 virus, but only mild lesions were found in the spinal cord. In contrast, PVC211 virus, which is also a neuropathogenic F-MuLV variant, caused marked spongiform degeneration in the spinal cord. Virus recovery from the spinal cord of A8 virus-infected rat was the same as that of PVC211-infected rat, indicating that there is no direct correlation between the titer of virus and the intensity of lesions. Furthermore, rats infected with the A8 virus at 3 weeks of age did not undergo spongiform degeneration, although recovery of high titer of virus occurred in the central nervous system (CNS). Studies using chimeric viruses between the A8 virus and nonneuropathogenic F-MuLV clone 57 also indicated that the sequences responsible for virus titers in the CNS and neuropathogenicity are different. The chimeric virus studies proved that the env gene and the LTR and/or 5 leader sequence of A8 are critical for the induction of neuropathogenicity. These sequences in A8 and PVC211 were compared, focusing in on the sites that account for neurovirulence and viral lesional tropism.
INTRODUCTION
for determining the phenotypically different neuropathogenicity of the virus. Usually, neuropathology begins in Nondefective MuLV can induce several diseases, inthe spinal cord and ascends the neuraxis (Wiley and cluding leukemia, immune complex autoimmune dis- Gardner, 1993) . When rats were infected with the F-MuLV ease, central nervous system (CNS) disease, thrombocyvariant, PVC211, viral replication in brain capillary endotopenia, hemolytic anemia, and immunosuppressive synthelial cells was followed by widespread astrogliosis, dromes (Weiss et al., 1984) . A number of MuLVs including neuropil vacuolation, and finally, neuronal degeneration Cas-Br-E MuLV isolated from wild mouse (Officer et al., in the spinal cord, brain stem, cerebellum, and cortex 1973) and its molecular clones (Kay et al., 1991; Lynch (Hoffman et al., 1992) . In human retrovirus-induced myet al., 1991) , ts mutants of Moloney MuLV (Bilello et al., elopathy, such as that associated with human T-cell leu-1986; McCarter et al., 1977) , chimeric Fr-Cas E MuLV kemia virus type I (HAM), the thoracic portion of the spiwhich has gp70 of Cas-Br-E on a background of F-MuLV nal cord is the main target of the disease (Osame et al., FB29 (Portis et al., 1990) , and a mink cell focus-inducing 1986; Umehara et al., 1993) . It is important to study the derivative of F-MuLV (Buller et al., 1990) , can induce neudeterminants responsible for inducing this lesional trorodegenerative disease in mice. PVC211 (Kai and Furuta, pism in the spinal cord. Experimental animal models are 1984) and NT40 (Czub et al., 1996) , which are variants useful for investigating these pathomechanisms. of F-MuLV, produce neurodegenerative disease in rats.
We molecularly cloned a virus, clone A8, from a neuroIn most models, a noninflammatory spongiform degenerpathogenic FrC6 virus (Watanabe and Takase-Yoden, ation in the CNS follows an early CNS endothelial cell 1995). Studies on chimerae between the A8 virus and infection. In some models, oligodendroglia, astrocytes, wild-type, nonneuropathogenic F-MuLV clone 57 remicroglia/macrophages, and/or neurons are also invealed that the env gene and LTR and/or 5 leader sefected, while in others, only endothelial cells are infected quence of the A8 virus are critical for induction of spongi- (Wiley and Gardner, 1993) . These variations may be form degeneration in CNS. Furthermore, we compared caused by mouse strain and viral differences in addition A8 with PVC211, which is closely related but molecularly to differences in assays. The reconciliation of the various distinct from A8, in terms of the nucleotide sequences of models in which the final neuropathology appears simithese regions and the distribution of spongiform lesions. lar, may be the key to understanding their pathogenesis.
The particular distribution of the lesions is important MATERIALS AND METHODS
Viruses and cells
Neuropathogenic FrC6 virus-producing rat glial cells 1 To whom correspondence and reprint requests should be addressed. Fax: (/81)426-91-9315. E-mail: takase@scc1.t.soka.ac.jp.
1973) through rat brains as described (Watanabe and vector (Stratagene) . An extrachromosomal library was screened using a 57 virus whole-genome probe. . The rat glial cell line, C6, was infected with the supernatant to clone infectious viral DNA.
Nucleotide sequences were determined by dideoxynucleotide chain termination (Sanger et al., 1977) with The infectious DNA clone 57 of F-MuLV (Oliff et al., 1980) was transfected into NIH3T3 cells, and the supernatant alkali-denatured plasmid DNA as the template (Hattori et al., 1985) using an A.F.L. DNA sequencer (Pharmacia). from the virus producing-culture was used as wild-type F-MuLV. PVC211-producing normal rat kidney cells (NRK) DNA transfection were provided by Dr. K. Kai (Yamaguchi University, Yamaguchi Japan). NIH3T3 cells were infected with the super-NIH3T3 or C6 cells (3 1 10 4 ) were seeded in 35-mm natants of these cells and the supernatants of virus-protissue culture dishes. Plasmid DNAs containing viral geducing cultures were used in the present studies. The nome (4 mg) were digested with EcoRI, multimerized by infectivity of the virus in CNS cells in vitro was deterligation using T4 DNA ligase for 30 min at 16Њ, and precipmined in the rat glial cell line, F10 (Wekerle et al., 1987;  itated with ethanol. DNA was transfected by calcium Sun et al., 1993) . Viral titers were determined by XC cell phosphate coprecipitation (Davis et al., 1986) . After 7 plaque assay on C182 cells in the presence of 10 mg of days, the biological activities of DNA clones were deterPolybrene per milliliter (Rowe et al., 1970) . All cells except mined by measuring reverse transcriptase activities. C182 were grown on Dulbecco's modified Eagle's me-NIH3T3 cells were infected with supernatants of the dium containing 10% fetal calf serum. C182 cells were transfected cells and virus infection was studied in the grown on minimum essential medium supplemented with supernatants of virus-producing cell cultures. 10% calf serum. Reverse transcriptase activities of viruses were measured as described (Takase-Yoden and Construction of chimeric virus genome Watanabe, 1994) .
Chimeric viruses were prepared between the neuropathogenic FrC6 clone A8 and the nonneuropathogenic Animals clone 57 virus (Fig. 5 ). Clone 57 DNA was originally cloned at the EcoRI site of pBR322 (Oliff et al., 1980) The ability of viruses to cause neurodegenerative disand recloned into pBluescript (Stratagene) for these exease was assessed by using newborn Lewis and Fischer periments. Clone A8 DNA was also cloned into pBluerats, as well as 3-week-old Lewis rats, purchased from script at the EcoRI site. To construct Rec1, the ClaIa commercial breeder. Newborn rats were intraperitoneEcoRI fragment containing LTR and the gag gene was ally inoculated with 0.1 ml and intracerebrally with 0.005 replaced by the corresponding fragment of clone 57 ml of viral supernatant and then observed for signs of DNA. To construct Rec2, the EcoRI -ClaI fragment conneurological disease for 6 weeks to 6 months. Titers of taining the pol and env genes was replaced with the inoculated virus are described in the figure legends.
corresponding fragment of clone 57 DNA. To construct After exanguination, brains, spinal cords, and thymus Rec3, the SphI-EcoRI fragment was replaced with the were homogenized in cold phosphate-buffered saline corresponding fragment of clone 57 DNA. To construct (PBS) containing 1 mM MgCl 2 and 1 mM CaCl 2 , and Rec5, the EcoRI -SphI fragment of clone 57 was ligated infectious virus titers were determined by the XC cell into the SphI-EcoRI fragment of Rec1. To construct plaque assay (Rowe et al., 1970) .
Rec6, the EcoRI -SphI fragment of clone A8 was ligated into the SphI-EcoRI fragment of Rec2. To construct DNA analysis Rec7, the HindIII -HindIII fragment was replaced with the corresponding fragment of clone 57 DNA. Structures Basic recombinant DNA procedures such as plasmid of chimerae were confirmed by digestion with the repreparation, restriction endonuclease digestion, modistriction enzymes BamHI, DraI, KpnI, NcoI, PstI, and fying enzyme treatment, and hybridization were perPvuI, the cleavage sites for which are unique either to formed according to standard methods (Sambrook et al., clone A8 or to clone 57. 1989).
Normal C6 cells were infected with biologically cloned Histology FrC6 virus. At 48 hr postinfection, extrachromosomal DNA was extracted from the cells by differential salt pre-
The brains and spinal cords of infected rats were immersed in 4% paraformaldehyde buffered with 0.12 M cipitation (Hirt, 1967) with some modifications (TakaseYoden and Watanabe, 1994) . The DNA was digested with phosphate (pH 7.3) and fixed. Some infected rats were perfused with 4% paraformaldehyde in 0.12 M phosphate EcoRI and applied onto a 10-40% sucrose gradient in PBS. After ultracentrifugation at 20Њ, 18 hr at 25 K rpm buffer (pH 7.3). The tissues were embedded in paraffin for histological staining with hematoxylin and eosin and using an SW41 rotor (Beckman), each fraction was Southern blotted and fractions containing full-length linear viral luxol-fast blue. Paraffin sections were also used for immunohistochemical studies. Epon-embedded materials DNA were identified. The DNA in these fractions was purified and ligated to the EcoRI-digested lZAP phage were prepared from the tissues fixed with 2% glutaralde-hyde in the phosphate buffer by perfusion followed by postfixation with osmium tetroxide. Ultrathin sections were counterstained with uranyl acetate and lead acetate, and photographed using a JEM-1200EXII (JEOL). Viral antigen was detected with 10 mg/ml purified monoclonal antibody 85-1 (Ikeda et al., 1995) followed by biotinylated sheep anti-mouse IgG (Amersham) and then with avidin-peroxidase complex (Wako). Between each step, the glass slides were washed with PBS. For the peroxidase reaction, 0.1 mg/ml 3,3-diaminobzenzidine tetrahydrochloride (DOTIDE) in 0.1 M Tris buffer (pH 7.6) was used. Normal mouse serum used instead of the monoclonal antibody served as a control.
Nucleotide sequence accession number
The DDBJ, EMBL, and GenBank Accession No. of the sequences in this paper is D88386.
RESULTS

Molecular cloning of an infectious DNA of FrC6 MuLV
Extrachromosomal DNA was extracted 48 hr after infection of the glial cell line C6 with FrC6 virus, once the presence of a single EcoRI endonuclease restriction site in the proviral DNA was confirmed by hybridization (data not shown). The DNA was digested with EcoRI and ligated to the EcoRI-digested lZAP phage vector. The extrachromosomal DNA library was screened using a 57 virus whole-genome probe. Ten positive clones were randomly selected and after two or three rounds of plaque purification, the Bluescript plasmid containing insert was excised from positive lZAP phage. Six of these clones were of the correct size according to restriction mapping. transcriptase activity. Two of three clones were biologiand 2/6 thymus samples pi 8 weeks: 1.8 1 10 4 XC-PFU/rat) (A), 3-weekold rats were infected with the A8 (3.8 1 10 5 XC-PFU/rat) or 57 virus cally active and one of these, designated A8, was applied in rats the number of rats. Where a bar is not seen, the SEM was less than the range of the point.
To investigate the level of replication and pathogenicity in vivo, we injected the A8 virus into newborn or 3-weekold Lewis rats. Brains and thymus were homogenized biologically cloned FrC6 virus when injected into newborn Lewis rats. Pathological changes in the CNS of rats after exanguination and infectious virus titers were determined. When inoculated into newborn rats, A8 or 57 was infected with A8 consisted of spongiform degeneration without cell infiltration (Figs. 2B, 2C, 2D, and 2F). The recovered from the brain at similar titers at 1 week postinfection ( Fig. 1A) . At 8 weeks postinfection, the virus recovlesions caused by A8 were most prominent in the brain stem and the thalamus, where over 100 vacuoles formed ery of A8 in the brain and the thymus was 1000-and 300-fold higher than that of 57, respectively. When inocuclusters (Figs. 2C and 2D). These clusters often occupied more than 30% of the brain stem (///// lesion in the lated into 3-week-old rats, A8 was recovered from brain and thymus, but 57 did not show detectable proliferation Table 1 ). In the brain cortex, the vacuolar changes were moderate. Small clusters usually consisted of 10 to 20 (Fig. 1B) .
The A8 virus caused neurological disease as did the scattered vacuoles (Fig. 2B ). The lesions in the spinal 
a New born Lewis rats were inoculated with the A8 (2.8-3.8 1 10 5 XC-PFU/rat except pi 10 weeks: 1.7 1 10 6 XC-PFU/rat) or PVC211 virus (2.4 1 10 4 XC-PFU/rat), intraperitoneally and intracerebrally. b 0, No lesion; /, less than 20 vacuoles in the total area; //, at 110 magnification (field (110)), 20 to 100 vacuoles counted in the field; ///, clusters consisting of over 100 vacuoles spread within one field (110); ////, clusters consisting of over 100 vacuoles scattered over 2 fields (110); /////, clusters of vacuoles occupy over 30% of the total area.
c Virus recovery was determined by XC plaque assay as described under Materials and Methods.
cord were rather obscure. Solitary, small vacuoles ap-PVC211 were within the range of 4.8 1 10 4 -6.0 1 10 5 XC-PFU/ml (Table 1) . In each rat infected with these vipeared without clusters, so only higher magnification ruses, the virus titer in the spinal cord was about double could distinguish them from artifacts produced by samthat in the brain (Table 2 ). In the A8 virus-infected rat ple preparation (Fig. 2F and / lesion in Table 1 ). In brain, viral antigens were mainly detected in the walls contrast, PVC211 induced distinct spongiform lesions in of blood vessels (Fig. 3) . Electron microscopy revealed the spinal cord with moderate clusters, usually conneuropil vacuolation in the lesions (Fig. 4) . When injected sisting of 40-100 vacuoles (Table 1) . Occasionally, inteninto 3-week-old rats, neither A8 nor 57 virus caused neusive spongiform lesions spread to nearly half of the spinal ropathological changes (data not shown). cord (Fig. 2E) . Statistical comparison proved that the intensity of lesions in the spinal cord induced by A8 virus Mapping of A8 virus gene responsible for infection was weaker than that induced by PVC211 virus neurovirulence and virus titers in CNS infection, using the ratio of that in the thalamus (Table 2) . Differences in Lewis and Fischer strains did not induce a
To determine which sequences of A8 virus are responsignificant shift in the distribution of the lesion (Table 2) . sible for inducing neurological disease, we constructed The pathological involvement of the spinal cord in the chimerae between A8 and 57 and injected them into infected rats was manifested by clinical signs. Almost all newborn Lewis rats. As shown in Fig. 5 , Rec7, which rats infected with PVC211 showed hind-leg paralysis (11/ contains the 4.1-kb HindIII-HindIII fragment of the 57 12), whereas A8 virus infection caused hind-leg paralysis virus on a background of the A8 virus, caused the same or weakness only in half of the animals (11/21). The virus spongiform degeneration in the CNS of rats as A8. Therefore, the 4.1-kb HindIII-HindIII fragment of the A8 virus, titers in the spinal cords of rats infected with A8 or the glial cell line F10 and measured viral production. As shown in Fig. 5 , A8 replicated in glial cells. In contrast, a New born Lewis and Fischer rats were intraperitoneally and intracerebrally inoculated with the A8 (Lewis rat, as described in Table 1; 57 was not very infective in F10 cells, but in NIH3T3 cells, Fischer rat, 1.7 1 10 6 XC-PFU/rat) or PVC211 virus (2.4 1 10 4 XC-PFU/ both 57 and A8 proliferated with a titer of 2-6 1 10 5 XCrat).
PFU/ml (data not shown). In each animal, num-10 5 -10 6 XC-PFU/ml (data not shown). As shown in Fig. bers of (/) and virus titers in the spinal cord were divided by the numbers of (/) and the virus titer in the brain, respectively. d Difference is not significant compared to PVC211-infected Fischer rat.
e Difference is not significant compared to A8-infected Lewis rat or PVC211-infected Fischer rat.
* P õ 0.01 vs PVC211-infected Lewis rat. Difference is not significant compared to A8-infected Fischer rat. ** P õ 0.02 vs PVC211-infected Fischer rat.
which contains the gag gene, except for 0.2 kb of the 5 terminus of the gag coding region, and the pol gene, except for 0.8 kb of the 3 terminus of the pol coding region, does not include the unique sequence that causes neurodegenerative disease. Rec2, which contains the 4.9-kb EcoRI-ClaI fragment of the 57 virus and Rec6, which contains the 2.6-kb SphI-ClaI fragment of 57 on a background of A8 caused very slight, if any, neurodegenerative disease. In the 75-bp HindIII-SphI fragment containing the 3 terminus of the pol coding region, no amino acid substitutions were found (data not shown). Therefore, the SphI-ClaI fragment of the A8 virus containing the 0.7-kb 3 terminus of the pol gene and the env gene except for the 0.1-kb 3 terminal p15E region, is essential for neurodegenerative disease. Rec5 failed to induce spongiform degeneration within 6-9 weeks postinfection, although the animals remained infected with Rec5 for 17-20 weeks postinfection. Therefore, the additional determinant for neurological disease resides within the 1.5-kb ClaI-HindIII fragment of the A8 virus containing LTR, 5 leader sequence, and the 0.26-kb 5 terminal gag region. at low efficiency (Fig. 5) . In the thymus of infected rats,
In uninfected rat CNS, viral antigen was not detected. Bars indicate 100 mm.
viral recovery of A8, Rec2, Rec6, and Rec7 was higher 5 ; 8 rats, 3.8 1 10 5 ; or 1 rat, 1.7 1 10 6 XC-PFU/rat. Rec7: 2.4 1 10 6 XC-PFU/rat. Rec6: 4 rats, 2.1 1 10 5 or 11 rats, 2.0 1 10 6 XC-PFU/rat. Rec2: 3.8 1 10 6 XC-PFU/rat. Rec5: 8 rats, 4.6 1 10 3 or 2 rats, 1.1 1 10 5 XC-PFU/rat. 57: 3 rats, 1.8 1 10 4 or 15 rats, 9.3 1 10 4 XC-PFU/rat). Six to 9 weeks later, neurodegeneration in the CNS and virus recovery were determined. Means and SEM are indicated. The numerals enclosed in parentheses represent numbers of rats. Asterisk (*) indicates only 6 vacuoles in the rat pons infected with 4.6 1 10 3 XC-PFU/rat. Rat cultured-glial cells (F10) were also inoculated with virus at a m.o.i. of 0.1 or 1. After 4 days of culture, virus production was determined by XC plaque assay. Means (n Å 3) are indicated.
nal gag region of the A8 virus is responsible for its repli-DISCUSSION cation efficiency in F10 cells.
The A8 virus, which was molecularly cloned from a variant of F-MuLV, FrC6, induced neuropathogenic disease in rats and proliferated in cultured rat glial cells Sequence analysis of the env gene of the A8 virus (F10) with a high titer. PVC211, which is also a neuropathogenic virus derived from F-MuLV (Kai and Furuta, Since the data from the chimeric virus infection indicated that the SphI-ClaI fragment containing the env 1984) induces similar spongiform degeneration in the CNS. Hoffman et al. (1992) reported that these lesions gene is essential for neurological disease, we determined the nucleotide sequence of this fragment and were most severe in the spinal cord, brain stem, and cerebellum. In the present study, spongiform degeneracompared it with that of the 57 virus. The 0.7-kb 3 terminal pol region of A8, which is included in the 2.6-kb SphItion was also apparent in the spinal cord of the PVC211 infected rat. In the spinal cord of A8 virus-infected rats, ClaI fragment, differed from that of 57 at 11 nucleotides, and the carboxy terminus of the pol gene product has spongiform lesions were weakly apparent (Fig. 2F , Tables 1 and 2). Both A8 and PVC211 viruses replicated in two amino acid changes, Lys and Ser, in the A8 virus versus Arg and Ala in the 57 virus, respectively. The env the spinal cord at titers of 4.8 1 10 4 -6.0 1 10 5 XC-PFU/ g, which were double that in the brain of each rat (Tables  gene of A8 and 57 viruses differed by 51 nucleotides, resulting in 1 amino acid change in the signal peptide, 1 and 2). The ratios of the virus titers in spinal cord and brain of PVC211 virus-infected rats were comparable 24 amino acid changes in the gp70 protein, and 1 extra amino acid in the carboxy terminus of p15E protein (Table  with those reported by Kai and Furuta (1984) . These results indicate that in spinal cord, there is no direct corre-3). When the env gene of the A8 virus was compared with that of PVC211 clone 3d, which is a neuropathogenic lation between the titer of virus and the intensity of spongiform lesions. variant of F-MuLV (Masuda et al., 1992) , the env product had three amino acid changes, Val-35, Ser-118, and GluWe constructed a series of chimerae between the A8 virus and wild-type F-MuLV clone 57, which did not cause 163 in the A8 virus versus Ala-35, Ala-118, and Lys-163 in PVC211 clone 3d (Table 3 , shadowed boxes).
disease and replicated at low efficiency in rat brain and whereas both viruses did not, or scarcely induced spongiform degeneration in infected rats (Fig. 5) . Therefore, (Wiley and Gardner, 1993) . Paquette et al. (1990) tropism (Masuda et al., 1996). 1989) or PVC211 virus (Masuda et al., 1992) . Differences b The amino-terminal methionine of the envelope protein precursor in the U3 region between A8 and PVC211 may be responis numbered 1. Positions 1 to 34, leader peptide; 35 to 479, gp70; 480 to 676, p15E. sible for the distribution of lesions in the CNS.
c Structural elements are described by Linder et al. (1994) .
A 5 leader sequence is located between the primerbinding site and the beginning of gag, and contains a donor site for the generation of spliced subgenomic F10 cells (Figs. 1 and 5) . We then examined the biological mRNA and the packaging signal for the incorporation of activities of these viruses, to define the gene(s) responsigenome RNA into virions. This region also contains the ble for the neuropathogenicity and/or virus titers. Rec7, internal ribosomal entry mechanism that promotes the which has both the SphI-ClaI fragment containing the translation of gag polyprotein precursors (Berlioz and env gene and the ClaI-HindIII fragment containing the Darlix, 1995) . The 5 leader sequence of the A8 virus LTR and the 5 leader sequence of the A8 virus, induced contains 24 nucleotide mutations relative to the 57 virus neuropathogenicity, whereas Rec2, Rec5, and Rec6, (manuscript in preparation). Masuda et al. (1993) and which have either the SphI-ClaI fragment or the ClaI- Czub et al. (1992) reported that the 5 leader sequence HindIII fragment of the A8 virus, did not (Fig. 5) . These is related to a shorter onset of neurological signs. Thereresults indicate that the determinants of spongiform defore, it is possible that these differences in nucleotides generation in the CNS of infected rats reside within these are important for neuropathogenicity. two fragments of the A8 virus. Rec2 and Rec6 proliferated When the A8 virus was inoculated into 3-week-old rats, in rats (Fig. 5) . Furthermore, these viruses were recovtypical neurological changes were not evident in the ered from the brain as was Rec7, with titers of 6.4 { 6.2 brain, although viral recovery from the brain at 8 weeks postinfection was comparable (8.4 { 3.2 1 10 4 XC-PFU/ 1 10 6 and 1.6 { 0.9 1 10 5 XC-PFU/g, respectively, g) to that from the brain when inoculated into newborn of the gp70 molecule and thought to play an essential role in receptor binding (Linder et al., 1994 ; Masuda et rats (2.1 { 0.9 1 10 5 XC-PFU/g) (Figs. 1A and 1B) . Not only did this finding reconfirm the discrepancy between al., 1996). Asn-113, Arg-114, and Ser-118 of A8-env are located within structural element I (Table 3) . Compared virus titers and pathogenicity, it also indicates that the A8 virus induces pathogenic effects upon developing brain with 57-env, Asn-113 and Arg-114 differ, but Ser-118 is common. Asn-113 and Arg-114 of A8-env are the same tissue. Brooks et al. (1981) speculated that age-related changes in the cell surface of astrocytes may influence as those of PVC211-env, suggesting that the two are crucial for neuropathogenicity mediated by receptorthe course of neurotropic retrovirus infection in these cells. However, Lynch et al. (1995) indicated that the binding. Although A8 and PVC211 caused similar spongiform degeneration in rat CNS, differences in the distribudevelopmental resistance of the CNS to infection of FrCas E lies at the postnatal change of the blood-brain tion of the lesions in the CNS were observed (Table 1) . The env gene of these viruses is essential for neurovirubarrier, resulting in age-dependent resistance to disease expression, since this resistance can be bypassed by lence (Fig. 5) . Relative to the gp70 protein, three amino acid differences were found (Table 3) . Of these amino directly introducing virus-infected cells into the brain.
The viruses that proliferated at low efficiency in F10 acids, Ser-118 and Glu-163 of A8-env are localized in structural elements I and II of the gp70 protein, respeccells, such as the 57 virus, Rec1, Rec3, and Rec5, did not cause neuropathogenicity in infected rats (Fig. 5) .
tively. These differences in amino acids may cause the different interaction with molecule(s) responsible for Therefore, effective viral proliferation in F10 cells is a necessary condition for neuropathogenicity. The viruses brain function and induce various intensities of spongiform lesions. In HIV infection, it was reported that the that replicated efficiently in F10 cells, such as the A8 virus, Rec2, Rec6, and Rec7, also recovered with high gp120 glycoprotein or its fragment competes with vasoactive intestinal polypeptide (VIP) on neuronal cells, and titers from rat brains. These findings imply that viral replication in F10 cells is a useful indicator with which to neuronal injury arises through increases in the intracellular Ca 2/ concentration mediated by the NMDA receptor screen the neuropathogenicity in vivo of viral variants.
Our studies indicate that not only a high level of viral (Lipton, 1992) . The PVC211 virus effectively infects rat brain capillary production in the brain, but also expression of the env protein of the A8 virus is necessary to cause neuropathoendothelial cells (Hoffman et al., 1992) , and this tropism correlates with the neuropathogenicity of PVC211 (Malogical changes. The SphI-ClaI fragment of the A8 virus contains the 3 terminal pol and env gene except for the suda et al., 1993) . Our neuropathogenic isolate also had affinity for the vascular wall (Fig. 3) . Masuda et al. (1996) 3 terminus of the p15E coding region. Although in this fragment, nucleotide mutations in the carboxy terminus reported that Gly-150, which is surrounded by preferential proteolytic sites (Linder et al., 1994) , and Lys-163, of the pol product and in the signal peptide of the env gene product, compared with the corresponding region which is localized in structural element II, are responsible for this endothelial cell tropism mediated by gp70-of 57 virus, caused changes to two and one amino acid (Table 3) , respectively, these changes were relatively receptor interaction (Table 3 , open box). Sequencing indicated that compared with PVC211-env, Gly-150 of A8-conservative and minor compared with the variability of these regions among ecotropic MuLVs. The p15E coding env is common, but Glu-163 of A8-env is not (Table 3) . Glu-163 of A8-env is the same as that of nonendothelial region containing the SphI-ClaI fragment did not contain any mutations that led to amino acid changes compared cell tropic 57 virus env (Masuda et al., 1993) . These results indicate that Gly-150 is, at least in the env region, with the 57 virus. Therefore, it is most likely that one of the determinants of spongiform degeneration resides important for endothelial cell tropism and neuropathogenicity. within the gp70 coding region of the env gene of the A8 virus. It has been postulated that four amino acids (ArgThe A8 virus was isolated from the same source as PVC211 (Kai and Furuta, 1984) , i.e., FLV complex pas-114, Lys-163, Ala-311, and Gly-379) of PVC211 clone 3d are unique in neuropathogenic virus compared with ecosaged through mice (Odaka, 1973) , but by a different method . Although tropic MuLVs (Masuda et al., 1992) such as F-MuLV clone K-1 (Obata et al., 1984) , F-MuLV clone FB29 (Perryman A8 and PVC 211 both proliferated in the CNS and caused similar neurodegenerative diseases, these viruses reet al., 1991), M-MuLV (Shinnick et al., 1981) , and Akv MuLV (Herr, 1984) . In the present study, the same analysulted in different neuropathological manifestations in terms of the distribution of lesions. In this paper, we sis showed that the A8 virus encodes three unique amino acids (Arg-114, Ala-311, and Gly-379) in the gp70 protein proposed that the differences in the env gene and/or LTR between A8 and PVC211 were responsible for the (Table 3, underlined) . One of these amino acids (Gly-379) is shared by neuropathogenic Cas-Br-E, while all three different lesional distribution in the CNS. Particularly, the env gene was essential for induction of neurodegeneraare shared by PVC211 clone 3d. These results indicate that Arg-114, Ala-311, and Gly-379 are important for neution in both A8 and PVC211. The product of A8-env gene differed by 3 amino acids (Val-35, Ser-118, Glu-163) comropathogenicity.
Structural element I and II is localized on the surface pared with PVC211. Analysis and comparison of these
